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[571 ABSTRACT 
A process for forming an integral edge seal in a gas 
distribution plate for use in a fuel cell. A seal layer is 
formed along an edge of a porous gas distribution plate 
by impregnating the pores in the layer with a material 
adapted to provide a seal which is operative dry or 
when wetted by an electrolyte of a fuel cell. Vibratory 
energy is supplied to the sealing material during the step 
of impregnating the pores to provide a more uniform 
seal throughout the cross section of the plate. 
8 Claims, 7 Drawing Figures 
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gether. If leakage did occur, the cells could operate 
improperly or fail altogether. 
Accordingly, it is an aim of the present invention to 
provide an improved process for forming an integral 
5 edge seal in a gas distribution plate. 
It is a further aim of this invention to provide a pro- 
cess as above wherein the seal layer is formed by im- 
pregnating an edge of the plate with a vibratory means. BACKGROUND OF THE INVENTION 
SUMMARY OF THE INVENTION 
applications which are assigned to the same assignee as In accordance with this invention, a process is pro- 
the present application; Application of H. Feigenbaum vided for manufacturing porous gas distribution plates 
and A. Kaufman entitled “Integral Gas Seal For A fuel with improved integral edge seals. It is desired to pro- 
Cell Gas Distribution Plate”, Ser. No. 430,453, filed on vide porous gas distribution plates for applications such 
Sept. 30, 1982 and Application of H. Feigenbaum, S. l5 as for use in fuel cells having an integral sealing layer 
Pudick and R. Singh entitled “Edge Seal For Porous along an edge thereof, and, preferably, along opposed 
Gas Distribution Plate Of A Fuel Cell”, Ser. No. edges. In some instances, it is desired to have the sealing 
430,142, filed on Sept. 30, 1982. layer completely surround the periphery of the plate. 
The present invention relates to improved elements The sealing layer is formed integrally with the plate by 
for use in fuel cells, fuel cells employing such elements, 2o impregnating the desired edges with a material which 
and processes and apparatus for making the elements. fills and seals the pores in a desired layer-like configura- 
It has been known for some time that fuel cells can be tion. The distribution plates can comprise portions of 
extremely advantageous as power supplies, particularly bi-polar plate assemblies or current collecting assem- 
for certain applications such as a primary source of blies or cooling plate assemblies. 
power in remote areas. It is highly desirable that any 25 The process comprises impregnating the pores with a 
such fuel cell assembly be extremely reliable. Various material while vibratory energy is applied to the mate- 
fuel cell systems have been devised in the past to accom- rial so that the pores in the sealing layer are more uni- 
plish these purposes. Illustrative of such prior art fuel formly sealed throughout the cross section of the gas 
cells are those shown and described in U.S. Pat. No. 3o distribution plate. In a preferred embodiment, a bath of 
3,709,736, 3,453,149 and 4,175,165. A detailed analysis material is provided, vibratory energy is applied to the 
of fuel cell technology comparing a number of different bath to agitate it and the edge of the gas distribution 
types of fuel cells appears in the “Energy Technology plate is dipped or immersed in the bath to form the 
Handbook” by Douglas M. Consadine, published in desired sealing layer. Preferably, the bath comprises a 
1977 by McGraw Hill Book Company at pages 4-59 to 35 sealing material and a solvent. After immersing the 
4-73. plate in the bath, it is withdrawn and any excess seal 
U.S. Patent No. 3,709,736, assigned to the assignee of material is removed such as by scraping with a blade. 
the present invention, describes a fuel cell system which Thereafter, the sealing layer is cured or dried by heating 
includes a stacked configuration comprising alternating the plate to an elevated temperature. In a preferred 
fuel cell laminates and electrically and thermally con- 4o embodiment, the plate is heated to a series of incremen- 
ductive impervious cell plates. The laminates include tally increasing temperatures for respective periods of 
fuel and oxygen electrodes on either side of an electro- time. Any one or more of the edges of the gas distribu- 
lyte comprising an immobilized acid. U.S. Pat. No. tion plate may be sealed in the aforenoted manner. The 
3,453,149, assigned to the assignee of this invention, is use of a vibratory assist for impregnating the seal with 
illustrative of such as immobilized acid electrolyte. In 45 the seal material makes it possible to provide seals uni- 
U.S. Par. No. 4,175,165, assigned to the assignee of the formly throughout the cross section of the plate even in 
present invention, a stacked array of fuel cells is de- fine pore size plates such as those having a pore size of 
scribed wherein gas distribution dates include a dural- about 0.01 to 0.10 mm. 
PROCESS FOR FORMING INTEGRAL EDGE 
SEALS IN POROUS GAS DISTRIBUTION PLATES 
UTILIZING A VIBRATORY MEANS 
The U. S. Government has rights in this invention 
pursuant to Contract No. NASA DEN 3-241 
Reference is hereby made to other related patent 10 
BRIEF DESCRIPTION OF THE DRAWINGS 
ity of gas flow channels or groovks with the grooGes for 
the hydrogen gas distribution being arranged orthogo- 50 
nally relative to the grooves for thebxygendistribution. The invention will now be described by reference to 
The gas distribution plates themselves, whether they the following drawings and description in which like 
are individual termination plates for one or the other of elements have been given common reference numbers: 
the gases or bi-polar plates for distributing both gases in FIG. 1 is a schematic representation of a fuel cell 
accordance with this disclosure, are formed of an elec- 55 assembly comprising a plurality of stacked fuel cells 
trically conductive impervious material. with intermediate cooling plates and terminal current 
In more recent designs, the gas distribution plates, collecting plates. 
which are sometimes called A-plates, are formed of a FIG. 2 is a perspective view of a portion of the fuel 
porous material so that a more uniform and complete cell assembly of FIG. 1 illustrating an individual fuel 
flow of gas over the electrode surface is provided. In 60 cell in greater detail. 
previous systems where nonporous gas distribution FIG. 3 is a cross-sectional view of a gas distribution 
plates were utilized, the reactants always flowed only plate using seals in accordance with an embodiment of 
through the grooves and were contained by the walls this invention. 
thereof: However, in the more recent systems utilized FIG. 4 is a cross-sectional view of a porous gas distri- 
porous plates, it has been necessary to assemble a seal- 65 bution plate having another embodiment of formed 
ing gasket along the edges of the plate before it was 
assembled inro the cell to prevent the reactant gases FIG. 5 is a schematic representation of an apparatus 
from exiting through the plate edges and mixing to- 
edge seals. 
for forming an edge seal in a gas distribution plate. 
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FIG. 6 is a cross-sectional view of a plate used in a Each fuel cell 11 is made up of a plurality of elements 
bi-polar plate assembly showing yet another edge seal and includes a hydrogen gas distribution plate 18 and an 
arrangement. oxygen or air distribution plate 20. Arranged intermedi- 
FIG. 7 is an isometric view of another embodiment of ate the respective gas distribution plates 18 and 20 are 
an edge seal used in bi-polar current-collecting and 5 the following elements starting from the hydrogen gas 
cooling plate assembly gas distribution plates. distribution plate 18; anode 31, anode catalyst 32, elec- 
trolyte 33, cathode catalyst 34 and cathode 35. These 
DETAILED DESCRIPTION OF THE elements 31-35 of the fuel cell 11 may be formed of any 
PREFERRED EMBODIMENT suitable material in accordance with conventional prac- 
a plurality of fuel cells 11 in accordance with this inven- The hydrogen gas distribution Plate 18 is arranged in 
tion is now described with reference to FIGS. 1 and 2. contact with the anode 31. Typically, the anode com- 
Hydrogen gas input manifolds 12 are arranged along prises a carbon material having pores which allow the 
one side of the stack assembly 10. While a plurality of hydrogen gas to pass through the anode to the 
if desired, a single manifold arrangement could be used. with Teflon @olytetrafluoroethylene) to prevent the 
The manifolds 12 are connected to a ofhydrogen electrolyte 33, which is preferably an immobilized acid, 
gas 14. Hydrogen gas collecting manifolds 15 are ar- from flooding back into the area of the anode. If flood- 
An exemplary fuel cell stack assembly 10 employing 10 tice. 
manifolds 12 are shown for each group of fuel cells 11, 15 anode catalyst 32. The anode 31 is preferably treated 
ranged along the opposing stack side in correspondence ing were to Occur, the Plug 
with the gas input manifolds 12. Here again, while a 2o the Pores in the anode 31 and lessen the flow Of 
hydrogen fuel through the cell 11. The anode catalyst 
32 is preferably a platinum containing catalyst. The cell 
11 is formed of an electrically conductive material, such 
as a carbon based material except for the immobilized 
25 acid electrolyte layer which does not conduct electrons 
but does conduct hydrogen ions. The various elements, 
18,31-35, and 20 are compressed together under a posi- 
acid, is immobilized by being dispersed in a gel or paste 
plurality of manifolds 15 are shown, a single manifold 
could be used if desired. The collecting manifolds 15 
are, in turn, connected to a hydrogen gas discharging or 
recirculating system 17. The hydrogen gas from the 
input manifolds 12 flows through gas distribution plates 
18 to the collecting manifolds 15. 
manifolds (not shown) are arranged along the stack side 
In a a plurality Of Oxygen Or air input tive The electrolyte 33, such as phosphoric 
(not shown) connecting the One stack side and the OP- 30 matrix so that the acid is not a free liquid. An exemplary 
posing stack side* These Oxygen are 'On- electrolyte matrix could comprise a mixture of phos- 
llected to an Oxygen Source 19* The Oxygen may be phoric acid, silicon carbide p s and Teflon parti- 
supplied in the form of air rather than pure oxygen if 
desired. In a similar fashion, a plurality of collecting 
cles. 
The cathode catalyst s4 and the cathode 35 are 
are arranged along the stack side (not shown) 35 formed of the Same types of materials as the respective 
anode catalyst 32 and anode 31. Therefore, the anode 31 opposing the stack side having the oxygen input mani- 
folds and connecting the respective one stack side and and the cathode 35 comprise porous carbon and the 
Opposing stack side* These be anode catalyst 32 and cathode catalyst 34 can comprise 
connected to an oxygen storage or recirculating system a platinum containing catalyst. The cathode 35 can also 
(not shown). The oxygen or air from the input mani- 40 be treated with Teflon to the electrolyte from 
folds (not shown) flows through the oxygen gas distri- flooding back into the rbon comprising the 
. bution plates 20 to the respective collecting manifolds cathode. 
(not shown). 11 are arranged in 
In this embodiment, Cooling Plates 21 are arranged intimate contact as shown in FIG. 2. In order to provide 
Periodically between adjacent fuel cells 11. Three Cool- 45 an electrically interconnected stack assembly 10, bi- 
ing Plates 21 are shown arranged intermediate each four polar assembly 36 is used to connect together adjacent 
cell 11 array. The cooling fluid flowing through the fuel cells 11. A bi-polar assembly 36 is comprised of a 
cooling plates 21 is preferably a dielectric fluid, such as hydrogen gas distribution plate 18 and an oxygen or air 
a high temperature Oil such an Oil manufactured by distribution plate 20 with an impervious interface layer 
Monsanto under the trade name, Therminol. A pump 22 50 or plate 37 arranged between them. Therefore, a bi- 
circulates the dielectric fluid via conduit 23 and input polar assembly 36 is comprised of the hydrogen gas 
manifold 24 into the respective cooling Plates 21. The distribution plate 18 of one cell 11 and the oxygen or air 
dielectric fluid then flows into collecting manifold 25 gas distribution plate 20 ofthe next adjacent cell 11. The 
which is connected to a heat exchanger 26 for reducing interface layer or plate 37 may comprise an impervious 
the temperature of the dielectric fluid to the desired 55 carbon plate or any other conventional interface as may 
input temperature. A conduit 27 then connects the heat be desired. In the bi-polar assembly 36, the respective 
exchanger back to the pump 22 so that the fluid can be plates 18 and 20, having the interface 37 therebetween, 
recirculated through the respective cooling plates 21. are securely connected together as a unit so as to have 
The fuel cells 11 and the cooling plates 21 are electri- good electrical conductivity. 
cally conductive so that when they are stacked as 60 In order to facilitate the gas flow in the gas distribu- 
shown, the fuel cells 11 are connected in series. In order tion plates 18 and 20, respective channels or grooves 38 
to connect the stack assembly 10 to a desired electrical or 39 are employed. The grooves 38 in the hydrogen gas 
load, current connecting plates 28 are employed at the distribution plate 18 are arranged orthogonally or per- 
respective ends of the stack assembly 10. Positive termi- pendicularly to the grooves 39 in the oxygen or air gas 
nal 29 and negative terminal 30 are connected to the 65 distribution plate 20. This allows the grooves to be 
current connecting plates 28 as shown and may be con- easily connected to respective input and output mani- 
nected to the desired electrical load by any conven- folds 12 and 15, for example, on opposing sides of the 
tional means. cell stack assembly 10. Althoug 
All of the elements o 
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ticular plate, such as plates 18 or 20, are shown as ex- 
tending in a unidirectional manner in FIG. 2, there can 
be cross-channels made between these grooves to aid in 
the distribution of the fluidic reactants. When such 
cross-channels are utilized, the primary flow of reac- 
tants is still in the direction of the grooves 38 and 39 
shown in FIG. 2; that is, in the direction that the reac- 
tants flow between the reactants input and collecting 
manifolds. 
The gas distribution plates 18 and 20 supply the re- 
spective hydrogen and oxygen or air gases to the sur- 
faces of their respective anode 31 or cathode 35. In 
order to more evenly distribute the respective gases at 
the anode 31 or cathode 35 plate surfaces, the gas distri- 
bution plates 18 and 20 are preferably formed of a po- 
rous carbon material. This allows the respective gases 
to flow through the pores of the plates 18 and 20 be- 
tween the respective channels 38 or 39 to provide more 
uniform gas distribution over the face of the respective 
anode 31 or cathode 35. 
In accordance with an embodiment of the invention, 
it is desired to prevent the reactant gas from flowing out 
of the edges 41 which lie in a direction parallel to the 
gas flow direction between respective entry and exit 
manifolds; e.g., parallel to the channels 38 or 39. In 
prior configurations, the edges 41, as well as the edges 
42 lying generally orthogonal thereto, were sealed by 
means of a gasket so that the reactant flow was distrib- 
uted across the whole frontal surface of the anode 31 or 
cathode 35 and was not allowed to drain out other than 
to a collecting manifold. The gasket approach, how- 
ever, was not as practical a seal as desired. 
There are several possible methods of manufacture of 
the plate assemblies. For instance, a first method can 
comprise of a plate 18, as depicted in FIG. 2, having 
seals 44 placed on two opposed edges thereof by the 
process described herein, the edges being the ones par- 
rallel to the grooves 38. These plates can be used di- 
rectly in cooling plate and current collecting plate as- 
semblies. A second method is useful in the case where a 
bi-polar plate assembly is made. The two gas distribu- 
tion plates 18 and 20 can be first assembled together 
with an impervious plate 37 and then all four sides of the 
assembly sealed, seal 43, via the process. After sealing, 
the grooves 38 and 39 can be placed in the gas distribu- 
tion plates 18 and 20, respectively, to enable the reac- 
tants to be brought into the assembly. Alternatively, a 
third method of making sealed plates 18, as described 
above, can be employed in constructing a bi-polar plate 
assembly. Two plates 18 having seals 44 can be assem- 
bled together with an impervious layer therebetween so 
that the grooves in each plate are orthogonal to each 
other after assembly. In this case no further edge sealing 
is required since the seals already exist on the plates. 
Method three can be employed when porous sas 
distribution plates are without grooves as long as the 
edge seals of the two plates are assembled orthogonal to 
each other. 
Referring now to FIGS. 2-5, the method for manu- 
facturing the integral edge seal 43 or 44 is described. In 
FIGS. 3 and 4, a cross-section of a gas distribution plate 
18 is shown. Similarly, an integral edge seal 44 is shown. 
FIG. 4 shows an alternate seal with a different depth of 
penetration compared to that in FIG. 3. In order to 
form the desired integral edge seal in a gas distribution 
plate comprising a porous carbon plate, the porous 
structure of the gas distribution plate is impregnated at 
the edges with a suitable adhesive such as a graphite 
6 
adhesive. The pores in the seal layers 43 or 44 are filled 
by dipping the plate edges 41, parallel to the grooves, or 
42, orthogonal to the grooves, in a bath 45 comprising a 
graphite adhesive solvent mixture. The bath 45 is sup- 
5 ported in any suitable vessel or container 46. While a 
graphite cement solvent mixture is preferred for the 
bath 45, other suitable materials include all types of 
powders that are non-corroding in hot phosphoric acid; 
for example acid in the approximately 200" C. range. 
10 Tungsten carbide powder suspended or dispersed in a 
suitable carbonizable material such as polyvinyl alcohol 
is an example of an alternative material. 
A suitable graphite adhesive or cement may be ob- 
tained from Cotronics Corporation, New York, N.Y. 
15 under the trade designation "931 Graphite Adhesive". 
The bath 45 is preferably comprised of from about 50 to 
150 grams by weight of graphite adhesive and approxi- 
mately 35-95 cc. by volume of solvent. The solvent may 
comprise any suitable carbonizable material. A particu- 
20 larly preferred bath composition comprised of Cotron- 
ics graphite adhesive in the ratio of 100 grams to 70 cc. 
of the solvent. An alternative graphite cement suitable 
for this purpose is Union Carbides "C-34". The graphite 
cement is non-corroding when exposed to the phos- 
25 phoric acid electrolyte 33. To form the seal 43 or 44, a 
respective end of the plate having an edge 41, or option- 
ally 42, is immersed in the bath 45 by a dipping proce- 
dure. The graphite cement plugs up the pores in the seal 
layers 43 or 44. The process is then repeated for each of 
30 other edges 41 or 42 desired to be sealed. Any excess 
material remaining on the plate 18 or 20, after removal 
from the bath 45, is in turn, removed by means of a 
blade or other suitable device. 
The seal 43 or 44 is then cured by heating the plate at 
35 an elevated temperature for a desired time interval or at 
a plurality of temperatures for different time intervals. 
A suitable curing process comprises heating the plate to 
an elevated temperature of from about 50" C. to about 
400" C. from a time of from about 4 hours to about 50 
40 hours or longer. In a particularly preferred approach, 
the plate 18 or 20 is heated in three stages at respec- 
tively increasing temperatures. In a first stage, it is 
heated for about 2 to 8 hours at a temperature from 
about 50" C. to 150" C. In the second stage, it is heated 
45 for about 8 to 24 hours at a temperature of from about 
80" C. to about 200' C. In the third stage. it is heated for 
from about 8 to 24 hours at a temperature of from about 
150" C. to about 400" C. 
As an example of the above process, a plate 18 or 20 
50 impregnated in a bath having graphite adhesive in the 
ratio of about 100 grams to about 77 cc. of solvent was 
heated for four hours at 100" C., followed by heating for 
16 hours at 130" C., followed by heating for 16 hours at 
a temperature of about 200" C. The resulting seal 43 or 
55 44, after being dried or cured as described, can tolerate 
a pressure difference of at least 20 inches of water with- 
out leaking. The seal 43 or 44 performs well dry or 
wetted with phosphoric acid. It is preferred to wet the 
seal with electrolyte. Electrolyte is held by the seal 
60 layer through capillary forces. The term "Seal Layer" 
as used herein includes a layer, zone, region, area or 
volume which contains sealing material. The seal can be 
prepared prior to fuel cell stack 10 assembly, hence 
decreasing significantly the time needed for assembly. 
65 The preparation procedure for the seal 43 or 44 can be 
easily mechanized to reduce its cost. 
The procedure thus described has particular applica- 
tion for gas distribution plates 18 or 20 formed with 
4,728,5 3 3 
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large pores, for example, plates formed with reticulated While the seals 43 or 44 prepared in accordance with 
vitreous carbon (RVC). Such large pore carbon plate 18 the previously discussed embodiment are fully effective 
or 20 typically have pores in the approximately 0.1 to for their intended purpose, a further alternative seal 
1.0 mm size range. Seals 43 and 44 can be formed in arrangement is now described. Referring to FIG. 6, a 
such plates by the simple dipping process described 5 bi-polar plate assembly is illustrated employing a seal 48 
above so that the seal layer extends uniformly, as shown in accordance with this embodiment. The bi-polar plate 
in FIGS. 3, throughout the cross-section of the plate 18 assembly 36 comprises gas distribution plates 18 and 20 
or 20. in back-to-back relationship with an impervious layer 
There is a trend today from the Utilization of large 37 therebetween. A seal 48 is arranged along each edge 
pore gas distribution plates to smaller pore carbon 10 41 of the plate 18 and the plate 20. m e  seal is immedi- 
plates. For example, plates having pores in the approxi- ately adjacent the 1. A groove 49 is formed adja- 
matelY 0.01 to 0-10 mm size range are being used for cent each edge ending parallel thereto and 
such cell elements. Although the seals made in the man- throughout the thi f the respective plate 18 or 20 
ner described above are normally adequate for many up to the impervious layer 37. 
uses, an improvement in the sed can be made by provid- 15 After the groove 49 is formed, a paste comprising an 
impregnation step. This improvement is particularly member 50 of a resinous such as Teflon (poly- 
useful when working with plates 18 or 20 such as those tetrafluoroethylene) is into the paste-filled 
made of a needled felt material, for example a rayon felt groove. The immobilized acid preferably comprises an 
purchased from Fiber Material, Incorporated of Bidde- 20 approximately 105% phosphoric acid mixed with Tef- 
which is then completely carbonized by Pfizer Corpo- The seal 49 is useful with gas distribution plates 
collecting assemblies or cooling plate assemblies. It is bonized needled felt small pore plate 18 or 20. 
OCCUr as shown in 4' 25 particularly useful in sealing regions of the plates, such there is some degree of risk in the long term use of the as the edges of plates used in bi-polar assemblies, in seal particularly in small pore plates. Because of the 
a complete layer or 44 is not formed throughout the substance can be used for the seal. One such substance is 
this problem, a vibratory or assist is provided in with a wet-seal paste, containing electrolyte, which is 
any suitable manner such as a transducer 47 connected placed in grooves edges Of each reactant 
to vessel Many devices for providing vibrations are distribution plate. An effective seal is obtained with 
known such as ultrasonic, magnetic, etc., and these can these materials due to the contribution of each of the 
ing a vibratory treatment of the solution during the immobilized acid is used to fill the grooves 49. Then, a 
ford, Me* The is a partially carbonized product 
to provide a completely car- 
lon binder and a small particle silicon carbide filler. 
ration Of New formed as &polar assemblies 36, as shown, or in current 
Although 
pores in the plate, the seal might deteriorate since 
thickness of the plate 18 or 20. In order to overcome 30 a 
Order to prevent reactant gas from mixing. Any 
Of a fluorocarbon polymer 
be used for this application. The frequency of vibrations 35 components* The integrity of the 
Seal iS contributed by the COlltinUOUS fluorocarbon cord be at least about 50 cycles/second and can be in 
the range of about 50 to 500,000 cycles/second. Prefers- while the wet-seal paste improves the contact between 
bly, frequencies of about 20,000 to 100,ooO cycles/- the cord and uneven surfaces Of crevices- 
second are used when ultrasonic vibratory means is In a prior art sealing technique, gas distribution plates 
used, and, most preferably, frequencies of about were edge-sealed with a paste containing silicon car- 
20,ooO-60,ooO cycles/second. Energization of the vibra- bide, polytetrafluoroethylene (PTFE) and polyethylene 
tory means causes the bath 45 to be agitated. This, in oxide (POlYOX). The liquid in the grooves was oven- 
turn, drives the sealing into the ends of the dried for 10-15 minutes to drive off the Solvents. usu- 
plates 18 or 20 to provide a seal extending uniformly ally, this process is repeated a few times to account for 
through the thickness of the plate as depicted in FIG. 3. 45 shrinkage. At the end ofthis cycle, the edge-sealant was 
The impreeation process using vibratory means is sintered at 290" c. for 5 minutes. Sintering helped poly- 
carried out at room temperature with essentially the merize the PTFE which bonds the silicon carbide to- 
same bath composition as described previously. After gether. There were several aspects of this Process that 
the plate 18 or 20 is immersed or dipped in the bath 45, needed imPrOvement. These include (1) the technique is 
the vibratory means is energized for periods ranging 50 time consuming because of the repetitive nature of the 
from about 30 to 180 seconds. Thereafter, excess mate- process to fill all the visible voids, (2) the technique 
rial is removed, as in the previous process, without creates the possibility of voids occurring due to shrink- 
vibratory means and the seal 43 or 44 is dried or cured age and (3) the technique produces questionable long 
as previously described. It has been found that when term stability because under long term operating condi- 
this process is carried out with the vibratory agitation of 55 tions at high temperatures some voids may reappear. 
the bath 45 for a small pore plate 18 or 20, improved The present invention is an improved edge-sealing 
penetration of the impregnating sealing material is method which addresses and rectifies all three of the 
achieved reducing the possibility of pin hole leaks. In problems. The problem of voids occurring due to 
this exemplary embodiment a small pore plate was im- shrinkage during the-sealing process and under long- 
pregnated with vibratory assist and no leaks were ob- 60 term usage is avoided by using a thick pre-sintered 
served when pressure tested up to at least 10 inches of wet-seal paste containing super-saturated phosphoric 
water. This is compared to failure at 4 inches of water acid. The edge seal is reinforced with a soft, acid-resist- 
when a similar edge seal in a small pore plate was pre- ant, con f a fluorocarbon polymer. 
pared without the vibratory assist. The seals 43 or 44 FIG. plate assembly using this 
created with the vibratory assist enjoy the same advan- 65 techniq embly 71 includes two gas 
tages as the seals in the large pore plates prepared with- distribution plates, 72 and 73, separated by an impervi- 
out the vibratory assist as compared to prior art ap- ous plate 74. Grooves 75 carry the reactant gases. The 
proaches. left end groove 80 in plate 72 is 
4,728,533 
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and contains the composite seal 77. Seal 77 includes without blocking the grooves which carry the reac- 
cord means 78 which reinforces a wet-seal paste 79. tants. The composite seal also does not have need of a 
The paste used can be a pre-sintered PTFE/silicon lengthy heat treatment and has good structural stability. 
carbide powder to which phosphoric acid is added to The primary purpose of the cord means is to provide 
make a wet-seal paste of suitable consistency and viscos- 5 structural stability to the whole seal especially as com- 
ity. The paste is deposited in the groove such as by pared to a groove having just the paste in it. The cord 
filling the groove by hand or applying the paste with a gives body to the seal and is insensitive to operating 
pressure gun or syringe. A suitable material, such as a conditions. The primary purpose of the paste is to fill 
solid fluorocarbon polymer, in the shape of a continu- the crevices between the cord and groove surfaces and 
ous cord, is then inserted in the paste in the groove 80. especially to fill the unevenness of the surfaces which it 
tive sealant which is better in utilizing the wet paste and In regard to all of the seals described herein, the 
the cord. It is more effective than either the cord or the electrolyte material of the fuel cell can become part of 
paste. The wet paste acts as an effective contact be- a wet seal structure. Thus, electrolyte management 
tween the impervious Plate 74 and the cord and the systems used with fuel cells such as those using external 
walls of the plates 72 and 73 and the cord. In addition to 15 and internal storage means could provide electrolyte 
providing s t~~c tu ra l  stability due to the cord, the wet material for a wet seal, and, thus, a very effective seal. 
Paste, being Pre-sintered, is easy to apply. Further, the However, the seals described herein are completely 
composite material effectively Seals the Crevices and effective in a dry condition to operate as intended; that 
uneven surfaces. is, where there is no electrolyte in the seal. Depending 
such as 20 on the construction of the fuel cell stack, the seal may or 
fluorocarbon polymer cord* the cord can be may not ever be contacted by electrolyte. If electrolyte 
Of an expanded PTFE-type with a specific gravity Of does contact the seal, it can serve to overcome possible 
about 0.2 to 0.3 gm/cc. The cord means, preferably, imperfections in the seal, 
temperatures (such as in the 4oo" as found in 25 are intended to be incorporated by reference herein. 
fuel cells. The silicon carbide used is preferably in the This invention may be embodied in other forms or car- 
The composite seal shown in FIG. 7 acts as an effec- lo contacts. 
The cord 78 can be any mitable 
should be able to withstand low PH and typically high The patents and publications described herein above 
1000-150O mesh size. The liquid containing the ried out in other ways without departing from the spirit carbide powder* PTFE and Polyox is pre-sin- or essential characteristics thereof. The present embodi- tered prior to adding phosphoric acid* Once the plate lS ments are therefore to be considered as in all respects 
it can be placed in an Oven at about 2oo" '' to 3o illustrative and not restrictive, the scope of the inven- 
the meaning and range Of 
tion being indicated by the appended claims, and all drive off excess water. The following is an example of the method of manu- 
carbide powder polyethylene oxide (Polyox), polytetra- 
fluoroethylene (PTFE) and phosphoric acid was mixed. 
polymer in the shape of a cont~uous cord which is distribution plate for a fuel cell comprising providing a 
stable in phosphoric acid at temperatures of up to 600" Porous gas distribution plate; and forming a sealing 
the PTFE was a ~ ~ f l ~ ~  T-30 and the phosphoric in said layer with a material adapted to provide a seal 
acid was 105% in concentration. which is operative dry and when wetted by an electro- 
The formulation and techniques of making the paste lyte of said cell, said impregnating step being carried 
were as follows. M& about 96 gm. polyox, about 152 out while vibratory energy is applied to said material 
gm S i c  powder (1500 mesh) with about 10 ml O f q ' F E  whereby said pores in said edge are more uniformly 
(T-30). Pas  it through about 3 mil rollers. Spread the sealed throughout the cross-section of the edge said 
mix in a thin layer over a flat plate and sinter at about Plate. 
290" C. for at least 30 minutes or until powdery, usually 45 2. The Process as in claim 1 wherein sad  impregnat- 
about 45 minutes. Add 105% phosphofic acid in the ing Step Comprises providing a bath Of said material, 
ratio of about 100 gm powder to about 105-1 10 ml of vibratory agitating said bath, and immersing said edge 
acid and mix thoroughly until a smooth paste of uniform in Said bath to form said layer. 
consistency is formed. Apply the paste to the edge-seal 3. A process as in claim 2 wherein said bath comprises 
groove, which has been wetted with alcohol, manually 5 0  said material and a solvent, and further including the 
or by a pressurized syringe. Insert the fluorocarbon steps Of removing excess materials from said gas distri- 
cord and place the plate in an Oven at about 200" c. to bution plate and drying said plate to drive Off said sol- 
drive off excess water. After the cord member is in- vent. 
serted, the top of the groove can be smoothed to re- 4. A process as in claim 3 wherein said drying step 
move excess paste therefrom and make the top of the 55 comprises heating said plate to an elevated temperature. 
groove and seal even with the plate. This can be done in 5. A process as in claim 4 wherein said heating step 
any convenient way such as by a scraping knife. comprises heating said plate to a first temperature for a 
The paste was used to edge-seal needled-felt, first period of time, heating said plate to a second tem- 
l0"X 14" carbon bi-polar plates. The plates were then perature greater than said first temperature for a second 
tested for leaks at differential pressures of up to 15 period of time, and heating said plate to a third tempera- 
inches of water with good results. Carbon plates were 6o ture greater than said second temperature for a third 
also edge-sealed with the wet-seal paste but without the period of time. 
cord. These plates, when leak-tested at 15 inches of 6. A process as in claim 5 wherein said material com- 
water, differential pressure failed the test criteria. prises a graphite adhesive. 
There are several advantages of the seal 49 in FIG. 6 7. The process as in claim 1 wherein said vibratory 
as compared to the seals 43 or 44 in Figures 2 and 3. The 65 energy is ultrasonically generated. 
composite seal is insensitive to pore size size and is very 8. The process as in claim 1 wherein said vibratory 
effective in sealing small pore gas distribution plates. It energy is magnetically generated. 
facturing the composite seal. A paste including silicon changes which are intended to be embraced therein' 
What is 'Iaimed 
The paste was reinforced with a solid fluorocarbon 35 Process for producing an edge in a gas 
F. The silicon carbide powder is 1500 mesh in particle layer along an edge thereof by impregnating said Pores 
also can be applied to a grooved bi-polar plate assembly * * * * *  
